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Metal  encased  tubular,  hermetically  sealed,  metallized  teflon  capacitors  which 
reduce  the  volume  per  microfarad  of  capacitance  up  to  one-fourth  that  of  con¬ 
ventional  teflon  dielectric  foil  capacitors  can  now  be  fabricated  on  a  pro¬ 
duction  basis.  These  subminiature  metallized  teflon  capacitors  are  designed  to 
opeate  over  a  temperature  range  of  -65°C  to  200°C  and  are  capable  of  withstand¬ 
ing  the  severe  environmental  conditions  encountered  by  missiles  and  space  vehicles. 

Available  winding  machines  were  modified  for  the  winding  of  thin  teflon  film 
because  of  the  films  tendency  to  distort  in  both  width  and  thickness  when  not 
held  under  constant  or  controlled  tension.  These  modifications  were  all  directed 
toward  the  exertion  of  constant  tension  on  the  winding  material  thereby  alleviat¬ 
ing  major  winding  problems. 

'The  composite  type  construction  employing  one  aluminum  metallized  teflon  electrode 
and  one  standard  aluminum  foil  electrode  was  used  in  the  construction  of  the 
capacitors.  Lead  attachments  were  made  by  spraying  the  ends  of  the  capacitor 
with  a  high  temperature  aluminum  solder 0 

The  capacitors  fabricated  using  multiple  layers  of  material  were  satisfactory 
upon  completion  of  load  life  testing  for  a  period  of  1000  hours  with  a  140$  of 
rated  voltage  at  a  temperature  of  200°C.  However,  the  capacitors  fabricated 
with  single  layer  material  failed  the  1000  hour  load  life  test  because  numerous 
momentary  breakdowns  weakened  or  destroyed  the  connections  between  the  sprayed 
end  connections  and  the  electrodes. 
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FOREWORD 


This  Final  Engineering  Report  covers  all  work  per¬ 
formed  under  Contract  AF  33 (600) -38431  from  March  1959  to  April 
1963.  The  manuscript  was  released  by  the  author  on  1  April  1963 
for  publication  as  an  ASD  Technical  Report. 

This  contract  with  the  Dearborn  Electronic  Laboratories, 
Inc.,  Orlando,  Florida,  was  initiated  under  Manufacturing  Methods 
Project  7-604,  "Metallized  Teflon  Capacitor".  It  was  accomplished 
under  the  technical  direction  of  Mr.  H.  K,  Trinkle,  Project  Engin¬ 
eer,  of  the  Electronics  Branch,  Manufacturing  Technology  Labora¬ 
tory,  Aeronautical  Systems  Division,  Wright-Patterson  Air  Force 
Base,  Ohio. 

Mr.  Douglas  H.  Smith  of  the  Research  Deparment  of 
Dearborn  Electronic  Laboratories,  Incorporated  was  the  engineer 
in  charge  of  this  project.  Others  who  cooperated  in  the  research 
and  in  the  preparation  of  thi3  report  were:  Mr.  R.  J.  Simpson, 
Director  of  Research  and  Mr.  E.  D.  A.  Geoghegan,  Vice  President 
in  Charge  of  Engineering. 

This  project  has  been  carried  out  as  part  of  the  Air 
Force  Manufacturing  Methods  Program.  The  primary  objective  of 
the  Air  Force  Manufacturing  Methods  Program  is  to  develop  on  a 
timely  basis  manufacturing  processes,  techniques,  and  equipment 
for  use  in  economical  production  of  USAF  materials  and  components. 
The  program  encompasses  the  following  technical  areas: 

Rolled  Sheets,  Forgings,  Extrusions,  Castings,  Fiber  and 
Power  Metallurgy  Component  Fabrication,  Joining,  Forming 
Materials  Removal 

Fuels,  Lubricants,  Ceramics,  Graphites,  Non-metallic 
Structural  Materials  Solid  State  Devices,  Passive  Devices, 
Thermionic  Devices. 

Your  comments  are  solicited  on  the  potential  utiliza¬ 
tion  of  the  information  contained  herein  as  applied  to  your 
present  or  future  production  programs.  Suggestions  concerning 
additional  Manufacturing  Methods  development  required  on  this 
or  other  subjects  will  be  appreciated. 


NOTICES 


When  US  Government  drawings,  specifications,  or  other  data  are 
used  for  any  purpose  other  than  a  definitely  related  Government 
procurement  operation,  the  Government  thereby  incurs  no  responsi¬ 
bility  nor  any  obligation  whatsoever;  and  the  fact  that  the 
Government  may  have  formulated,  furnished,  or  in  any  way 
supplied  the  said  drawings,  specifications,  or  other  data,  is  not 
to  be  regarded  by  implication  or  otherwise,  as  in  any  manner 
licensing  the  holder  or  any  other  person  or  corporation,  or 
conveying  any  rights  or  permission  to  manufacture,  use, or  sell 
any  patented  invention  that  may  in  any  way  be  related  thereto. 


Qualified  requesters  may  obtain  copies  from  ASTIA,  Document 
Service  Center,  Arlington  Hall  Station,  Arlington  12,  Virginia. 
Orders  will  be  expedited  if  placed  through  the  librarian  or 
other  designated  person  to  request  documents  from  ASTIA. 

Do  not  return  this  copy  unless  return  is  required  by  security 
considerations,  contractual  obligations,  or  notice  on  a  specific 
document . 
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INTRODUCTION 


The  use  of  teflon  capacitors  In  high  temperature 
circuitry  has  expanded  rapidly.  However,  the  faults  normally 
associated  with  thin  teflon  film  has  forced  the  use  of  multiple 
layers  of  dielectric  between  the  foil  electrodes  to  reduce  the 
probability  of  the  faults  in  the  dielectric  overlapping.  The 
self  healing  characteristics  of  a  metallized  film  permits  the 
use  of  dielectric  thicknesses  one-half  that  of  conventional 
teflon  foil  capacitors. 

Successful  self  healing  is  achieved  when  a  fault  is 
cleared  (the  vaporization  of  the  electrode  surrounding  the 
fault  by  the  application  of  gradually  increasing  voltage) ,  with 
negligible  mechanical  damage  to  the  supporting  dielectric  and 
no  discernible  decrease  in  insulation  resistance  of  the  capaci¬ 
tor.  These  capacitors  retain  the  desirable  characteristics  of 
conventional  foil-teflon  capacitors  while  offering  greatly  re¬ 
duced  size  and  self-healing  characteristics. 

The  availability  of  metallized  teflon  capacitors  which 
would  afford  a  volumetric  reduction  of  approximately  four  to  one 
would  be  very  advantageous.  The  development  of  these  metallized 
teflon  capacitors  had  been  accomplished  on  a  small  scale;  how¬ 
ever,  the  techniques  of  producing  them  in  large  quantities  had 
never  been  accomplished  prior  to  this  reported  effort. 
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II 


MATERIALS 


The  thin  teflon  dielectric  material,  particularly 
.00025",  contains  numerous  pin  holes  and  conducting  particles. 

One  of  the  earlier  considerations  in  the  resolution  of  this 
problem  was  the  casting  of  the  film  on  an  aluminum  foil  sub¬ 
strate  and  the  use  of  the  intergral  electrode-dielectric, 
thereby  eliminating  pin  holes  normally  caused  by  the  separa¬ 
tion  of  the  substrate  and  the  film. 

One  method  was  to  coat  the  aluminum  foil  substrate  on 
both  sides  with  .00025"  teflon,  chemically  etch  the  substrate 
l/l6”  from  one  edge,  mask  1/16"  along  the  opposite  edge  of  the 
integral  electrode-dielectric  to  form  the  margin  and  metallize 
the  masked  side  with  aluminum,  making  possible  the  winding  of 
a  100  volt  unit  from  a  single  tape.  An  acid  appeared  to  be  the 
most  feasible  etching  medium  but  the  required  uniform  margin 
and  complete  neutralization  of  the  acid  could  not  be  consistent¬ 
ly  obtained. 

A  second  method  consisted  of  a  composite  type  construc¬ 
tion  which  employed  one  aluminum  metallized  teflon  electrode 
and  one  aluminum  foil  electrode.  The  metallized  electrode  being 
extremely  thin  affords  the  means  where.by  electrical  faults  may 
be  cleared  in  the  completed  capacitor.  By  the  use  of  the  aluminum 
foil,  the  cost  of  the  very  expensive  metallized  teflon  is  reduced 
to  half  that  of  an  all  metallized  teflon  capacitor.  The  aluminum 
foil  also  gives  the  rigidity  necessary  to  withstand  temperature 
cycling  and  vibration. 

At  the  inception  of  this  contract,  there  was  only  one 
supplier  for  metallized  teflon.  This  supplier  produced  metallized 
teflon  with  burned  off  margins.  The  spattered  conducting  parti¬ 
cles  remaining  in  the  margins  and  the  swelling  at  the  margins 
caused  by  the  heat  generated  In  burning  off  the  electrode  made 
the  finished  product  unsatisfactory  for  use  both  mechanically  and 
electrically.  The  manufacturer  of  the  teflon  film  selected  for 
this  project,  Dilectrix  Corporation,  Farmingdale,  Long  Island, 

New  York,  was  contacted  to  ascertain  if  it  were  possible  to 
metallize  teflon  with  masked  margins.  They  were  successful  and 
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are  presently  the  sole  source  for  the  metallized  teflon  used  for 
this  project. 

The  teflon  tape  used  to  insulate  the  cylindrical 
capacitor  winding  section  surface  was  purchased  from  the 
Minnesota  Mining  and  Manufacturing  Company  in  widths  equal 
to  and  slightly  greater  than  the  section  widths. 

The  wire  leads  necessary  for  attachment  to  the 
section  employ  a  flat  spiral  or  "pigtail"  design  on  one  end 
which  lies  in  a  plane  perpendicular  to  the  axis  of  the  lead. 

Material  used  to  spray  the  ends  of  the  sections  was 
produced  by  Alcoa  and  is  their  number  805  solder.  The  composi¬ 
tion  of  this  solder  is  approximately  60$  zinc  and  40$  cadmium. 

Electro-tinned  brass  tubes  and  glass  to  metal  seals 
were  used  ror  the  assembly  and  packaging  of  the  sections  and 
attached  leads.  Also  used  in  the  assembly  and  packaging  opera¬ 
tion  was  a  silicone  fluid  resin,  "Dow  Corning  XF1-0042"  . 
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Ill 


WINDING  OPERATION 


The  capacitor  section  is  accomplished  by  winding 
the  element  materials  on  a  small  diameter  mandrel  to  form 
a  roll.  During  the  winding,  proper  alignment  and  tension 
is  maintained  to  insure  obtaining  a  capacitor  section  having 
good  physical  and  electrical  attributes. 

Teflon  has  a  tendency  to  stretch  more  under  tension 
than  other  plastic  films.  When  the  film  is  stretched  linearly, 
it  causes  a  proportionate  decrease  in  the  width  of  the  material. 
Because  of  the  uneven  tension  applied  on  each  roll,  one  width 
may  decrease  more  than  the  other  widths  causing  a  varying 
dielectric  thickness  between  the  electrodes. 

The  Kroessler  Manufacturing  Company  Model  485  semi¬ 
automatic  winding  machines  used  for  this  contract,  employed 
a  compression  spring  to  apply  variable  pressure  against  a  fixed 
friction  surface  and  the  end  area  of  the  spindle.  The  opposite 
end  of  the  spindle  being  pushed  by  the  spring  resulted  in  a 
proportionate  increase  or  decrease  of  friction  between  the 
spindle  and  the  fixed  surface  thereby  regulating  the  amount  of 
pull  necessary  to  unwind  the  material  from  the  spindle.  This 
method  allowed  too  many  variables  in  maintaining  the  desired 
torque.  The  amount  of  compressive  force  of  the  spring  was 
governed  by  the  manual  positioning  of  a  nut  against  the  spring 
on  a  threaded  extension  of  the  spindle  shaft.  This  manual  setting 
depended  on  the  individual  operator's  judgement  and  ability  to 
arrive  at  a  satisfactory  torque.  There  was  an  added  variable  when 
a  used  roll  was  replaced  with  a  new  one  and  an  attempt  made  to 
duplicate  the  previous  torque. 

To  arrive  at  a  more  exact  control,  the  winding  machine 
was  modified  by  eliminating  the  compression  spring  and  substitut¬ 
ing  a  permanent  magnet  in  a  recessed  area  in  the  body  of  the 
spindle  to  exert  a  controlled  pull  on  the  rotating  iron  disc 
which  in  turn  converts  this  pull  into  a  direct  push  of  the 
spindle  end  plate  against  a  stationary  friction  surface.  An  in¬ 
crease  or  decrease  of  the  flux  gap  between  the  magnet  and  the 
disc  results  in  a  decrease  or  increase  in  friction.  These  modi¬ 
fications  can  be  seen  in  Figures  1  through  8. 
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Further  modification  of  the  machine  was  made  to 
remove  the  element  of  uncontrolled  friction  Induced  when 
material  Is  run  over  a  fixed  length  of  radially  curved  metal 
guides.  This  modification  was  essential  due  to  Static  conditions 
caused  by  friction  produced  by  the  plastic  dielectric  being 
drawn  over  a  fixed  metal  guide  and  the  varying  degree  of  friction 
between  the  fixed  and  moving  areas.  The  latter  modification  was 
essentially  the  substitution  of  flanged  wheel  guides  for  fixed 
guides.  The  wheels  revolve  directly  with  the  moving  material. 
These  modifications  can  be  seen  in  Figures  18  through  26. 

Following  the  winding  of  a  section,  the  materials 
are  cut  and  the  section  wrapped  with  teflon  tape.  After  this 
operation,  the  section  is  removed  from  the  mandrel. 
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IV 


LEAD  ATTACHMENT 


The  capacitor  sections  are  next  assembled  in  holding 
frames  with  the  mandrel  holes  masked  to  prevent  entrance  of 
metal  particles  during  the  subsequent  operation.  The  section  ends 
are  now  sprayed  with  a  metallizing  gun  to  form  built  up  surfaces 
for  the  attachment  of  wire  lead  terminations. 

The  first  group  of  capacitors  fabricated  had  the  ends 
of  the  wound  sections  metallized  with  pure  tin  to  form  a  base 
for  lead  attachment.  The  leads  were  then  fused  to  the  base  using 
a  resistance  soldering  device.  It  was  found  that  the  tin  became 
oxidized  and  embrittled  after  exposure  to  200°C  for  a  period  of 
1000  hours.  The  capacitors  exhibited  high  dissipation  factor  and/ 
or  were  open  circuited  at  the  elevated  temperature.  Subsequent 
25°C  electrical  measurements  indicated  however,  these  capacitors 
satisfied  the  specification  requirements  in  all  respects. 

Additional  groups  of  capacitors  were  fabricated  utiliz¬ 
ing  end-sprays  of  (l)  pure  copper  spray,  (2)  97  ty£#  lead/  2  1/2# 
silver  and  (3)  high  temperature  aluminum  spray. 

The  capacitors  end-sprayed  with  pure  copper  were  sub¬ 
jected  to  the  high  ambient  test  temperature  of  200°C.  Within 
seven  days,  the  bonding  material  had  become  badly  oxidized  and 
the  thermal  expansion  of  the  teflon  plus  the  corroded  condition 
of  the  copper  caused  the  metal  to  partially  separate  from  the  ends 
of  the  capacitor  sections. 

Capacitors  end-sprayed  with  a  combination  of  97  1/2# 
lead/  2  1/2#  silver  were  subjected  to  the  200°C  environment. 

Within  seven  days,  extensive  corrosion  of  the  metal  had  occurred 
making  the  bond  mechanically  unacceptable. 

The  third  group  of  capacitors  fabricated  were  end- 
sprayed  with  high  purity  aluminum.  Bonding  remained  unimpaired 
at  200#C  but  the  excessively  high  temperature  required  to  melt 
the  pure  aluminum  made  attachment  of  wire  terminations  difficult 
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and  adversely  affected  the  electrical  characteristics  of  the 
capacitors.  Due  to  this  latter  condition,  no  further  consi¬ 
deration  was  given  to  this  material. 

Further  research  and  investigation  of  materials  which 
might  be  satisfactory  and  possess  a  lower  melting  point  than 
pure  aluminum  revealed  the  existence  of  an  aluminum  solder 
known  as  Alumaweld  H9. 

An  additional  group  of  capacitors  end-sprayed  with 
the  aluminum  solder  (Alumaweld  H9)  were  subjected  to  the  200°C 
environment.  After  a  period  of  1000  hours,  the  material  showed 
no  visible  evidence  of  oxidization.  Bond  adherence  and  resis¬ 
tance  to  the  thermal  expansion  effects  of  the  teflon  remained 
unimpaired.  The  Alumaweld  H9  material  is  available  only  in 
short  lengths  of  square  rod  and  had  to  be  hand  fabricated  into 
round  wire  by  drawing  it  through  a  jewelers  *  draw  so  that  a 
metallizing  gun  could  be  employed  for  the  end-spraying. 

In  an  attempt  to  eliminate  the  difficulties  encounter¬ 
ed  in  spraying  with  the  short  lengths  of  Alumaweld  H9,  Alcoa 
805,  round  wire  aluminum  solder  which  is  equivalent  to  the  Aluma 
weld  H9  in  composition,  was  obtained.  This  material  was  used 
to  end -spray  all  capacitors  manufactured  under  this  contract. 

Following  the  spraying  operation,  the  mandrel  hole 
masking  tape  strips  are  removed  and  a  dry  towel  is  used  to  wipe 
away  excess  spray  deposits  from  the  teflon  tape. 

Attachment  of  the  "pigtail"  leads  is  accomplished 
through  the  use  of  a  resistance  soldering  device  shown  in 
Figure  18  .  The  section  end  is  held  against  the  flat  spiral 
end  of  the  lead  whose  opposite  edges  contact  the  carbon  posts. 
When  the  circuit  is  completed,  a  current  flows  across  the  spiral 
heating  and  soldering  the  lead  in  place. 
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V 


ELECTRICAL  TESTS 


After  lead  attachment,  the  sections  are  tested 
for  dielectric  strength  by  the  application  of  200$  of  rated 
voltage  for  a  period  of  one  minute  with  the  current  limited  to 
less  than  one  ampere. 

Some  difficulty  was  experienced  in  the  dielectric 
strength  tests  of  the  4  |xf  100  volt  units.  It  was  found  that 
the  application  of  the  200  volt  test  potential  burned  the 
metallization  from  the  ends  of  the  sections  causing  opens  and/ 
or  high  dissipation  factor.  This  problem  was  resolved  by 
initially  clearing  the  units  at  a  potential  of  50  volts  and 
then  increasing  the  voltage  slowly  to  the  full  200  volt  test 
potential.  (Clearing  is  the  vaporization  of  the  electrode 
surrounding  the  fault  by  the  application  of  gradually  increas¬ 
ing  voltages.) 

The  sections  are  then  tested  for  capacitance  and 
dissipation  factor  using  a  standard  capacitance  bridge.  The 
insulation  resistance  is  then  measured  at  a  test  potential  of 
100  VDC.  The  total  electrification  time  is  two  minutes  for 
this  test. 
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VI 


ASSEMBLY 


After  passing  the  above  electrical  tests,  a  section 
is  next  assembled  or  packaged.  The  initial  step  of  this 
operation  is  to  wrap  the  units  with  a  few  turns  of  teflon  tape 
that  is  slightly  wider  than  the  section  length.  This  excess 
tape  is  then  crimped  around  the  leads  at  the  section  ends  and 
the  section  is  placed  in  an  electro-tinned  brass  tube  which 
has  previously  had  one  glass  to  metal  end  seal  soldered  in 
place.  The  soldering  of  the  second  end  seal  is  accomplished 
in  a  similar  manner  by  means  of  induction  soldering.  The  lead- 
thru  insert  or  eyelet  of  this  end  seal  is  left  open  for  further 
processing. 

Teflon  is  known  to  be  particularly  susceptible  to 
ionic  bombardment  which  causes  a  rapid  deterioration  of  the 
material.  It  thus  becomes  essential  in  high  voltage  applica¬ 
tions  where  the  possibility  of  corona  exists,  to  insure  the 
absence  of  easily  ionizable  components  such  as  air  or  vapor. 

In  order  to  eliminate  this  situation,  the  units  were  filled  with 
a  suitable  resin  which  will: 

1.  Not  substantially  reduce  the  insulation  resistance  at  200°C. 

2.  Provide  mechanical  support  capable  of  withstanding: 

(a)  vibration,  high  frequency,  55-2000  cps  @  15  g. 

(b)  shock,  50  g  in  11  i  1  ms. 

(c)  acceleration  (constant)  30  g  in  10  seconds. 

3.  Replace  the  low  dielectric  strength  air  with  a  material  of 

a  higher  dielectric  strength. 

It  was  found  that  the  material  that  best  satisfies 
the  above  requirements  is  "Dow  Corning  XF  1-0042  silicone  fluid". 

The  units  to  be  impregnated  were  placed  in  a  vacuum 
chamber  and  held  at  125° C  at  reduced  pressure  to  remove  all 
air  and  moisture.  The  fluid  was  placed  in  a  separate  chamber 
and  was  evacuated  at  room  temperature  to  remove  air  which  had 
become  entrapped  because  of  the  admixture  of  the  catalyst.  The 
chamber  containing  the  fluid  had  a  tube  leading  from  the  bottom 
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of  the  container  to  the  top  of  the  chamber  containing  the 
capacitors. 


The  temperature  on  the  chamber  containing  the  capacitors 
was  reduced  to  25°C.  The  vacuum  on  the  chamber  containing  the 
fluid  was  released  and  the  fluid  was  transferred  to  the  chamber 
containing  the  units.  The  chamber  containing  the  capacitors  re¬ 
mained  under  vacuum  for  one  hour.  The  fluid  was  of  sufficient 
quantity  to  cover,  at  all  times,  the  capacitors  being  filled. 

Directly  after  filling,  the  units  were  placed  in  the 
oven  at  l60°C  for  18  hours  to  allow  the  fluid  to  gel.  The  capaci¬ 
tors  were  then  removed  from  the  oven  and  allowed  one  hour  to  come 
to  room  temperature  before  the  final  eyelet  was  sealed. 

Before  going  to  the  final  series  of  environmental  tests, 
the  units  are  cleaned  in  a  trichlorethylene  solution  to  remove 
grease,  film,  etc,  and  are  marked  with  appropriate  labels. 
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VII 


ENVIRONMENTAL  TESTS 


Following  completion  and  cleaning  of  the  finished 
capacitors,  a  series  of  tests  were  run  to  insure  that  the 
capacitors  met  the  required  specifications.  The  dielectric 
strength,  capacitance,  dissipation  factor  and  insulation 
resistance  tests  were  performed  again  on  a  100$  basis. 

Next,  the  capacitors  were  life  tested  for  a  period 
of  1000  hours  at  140$  of  rated  voltage  at  200°C.  The 
capacitors  were  separated  by  a  distance  of  not  less  than  one 
(l)  inch.  Adequate  circulation  of  air  was  provided  to  prevent 
the  temperature  within  six  (6)  inches  of  any  capacitor  from 
departing  more  than  t  3°C  from  the  nominal  ambient  temperature 
of  the  chamber.  The  voltage  was  applied  individually  to  each 
capacitor  through  a  resistance  of  at  least  one  ohm  per  volt. 

A  failure  was  defined  as  any  one  of  the  following: 

1.  A  permanent  short  or  open  circuit. 

2.  A  decrease  in  capacitance  to  less  than  90$  of  the  capaci¬ 
tance  before  test. 

3.  A  decrease  in  insulation  resistance  to  less  than  30$  of  the 
value  specified. 


.001  uf  100  VDC 

Exhibits  1  and  2  show  in  tabular  form  the  prelimin¬ 
ary  measurements  as  well  as  the  successful  results  of  the  1000 
hour  load  life  test  conducted  on  twenty  four  (24)  specimens  at 
140$  of  rated  voltage. 

.01  uf  1000  VDC 

Exhibits  3  and  4  show  in  tabular  form  the  prelimin¬ 
ary  measurements  a3  well  as  the  successful  results  of  the  1000 
hour  load  life  test  conducted  on  twenty  four  (24)  specimens  at 
140$  of  rated  voltage  at  200°C. 
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.047  Uf  1000  VDC 

Exhibits  5  and  6  show  in  tabular  form  the 
preliminary  measurements  as  well  as  the  successful  results 
of  the  1000  hour  load  life  test  conducted  on  twenty  four 
(24)  specimens  at  140#  of  rated  voltage  at  200°C. 

.1  uf  600  VDC 

Exhibits  7  and  8  show  in  tabular  form  the 
preliminary  measurements  as  well  a3  the  successful  results 
of  the  1000  hour  load  life  test  conducted  on  twenty  four  (24) 
specimens  at  140#  of  rated  voltage  at  200°C. 

.47  Uf  600  VDC 

Exhibits  9  and  10  show  in  tabular  form  the 
preliminary  measurements  as  well  as  the  successful  results 
of  the  1000  hour  load  life  test  conducted  on  twenty  four  (24) 
specimens  at  140#  of  rated  voltage  at  200°C. 

1.0  uf  400  VDC 

Exhibits  11  and  12  show  in  tabular  form  the 
preliminary  measurements  as  well  as  the  successful  results 
of  the  1000  hour  load  life  test  conducted  on  twenty  four  (24) 
specimens  at  l4o$  of  rated  voltage  at  200°C. 

2.0  uf  200  VDC 

Exhibits  13  and  14  show  in  tabular  form  the 
preliminary  measurements  as  well  as  the  results  of  the  1000 
hour  load  life  test  conducted  on  twelve  (12)  specimens  at 
140^  of  rated  voltage  at  200°C.  The  test  data  indicated  that 
two  (2)  of  the  units  exceeded  the  dissipation  factor  require¬ 
ment  of  .5#  and  three  (3)  additional  units  were  open  after 
life  test.  High  energy  produced  by  numerous  momentary  break¬ 
downs  weakened  and/or  destroyed  the  connection  between  the 
sprayed  end  terminations  and  the  electrodes. 
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4.0  uf  100  VDC 

Exhibits  15  and  16  show  in  tabular  form  the 
preliminary  measurements  as  well  as  the  results  of  the  1000 
hour  load  life  test  conducted  on  twelve  (12)  specimens  at 
140#  of  the  rated  voltage  at  200°C.  The  test  data  indicates 
that  three  (3)  of  the  units  exceeded  the  dissipation  factor 
requirement  of  .5#  and  three  (3)  additional  units  were  open 
after  life  test.  High  energy  produced  by  numerous  momentary 
breakdowns  weakened  and/or  destroyed  the  connection  between 
the  sprayed  end  terminations  and  the  electrodes. 

The  2.0  |xf  and  4.0  uf  units  did  not  prove  feasible 
for  production  under  this  metallized  film  winding  process 
because  of  their  failure  to  readily  "clear"  of  shorts,  thus 
greatly  reducing  their  yield  and  reliability  levels.  This 
may  be  attributed  to  the  fact  that  the  total  energy  storage 
for  these  larger  capacitances  could  not  be  controlled  in  the 
"clearing"  operation. 
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PROPOSED  MILITARY  SPECIFICATION 
FOR 

CAPACITORS,  FIXED  METALLIZED  FILM  DIELECTRIC,  DIRECT  CURRENT 
HERMETICALLY  SEALED  METALLIC  CASES 


1 .  SCOPE 

1.1  SCOPE.-  This  specification  covers  metallized  teflon 
dielectric  fixed  capacitors,  hermetically  sealed  in  metallic 
cases  intended  for  use  in  power  supply  filter  circuits,  by-pass 
and  other  applications  where  the  alternate  current  (a.c.)  com¬ 
ponents  of  voltage  is  small  with  respect  to  the  direct  current 
(d.c.)  rating  and  where  occasional  momentary1  breakdowns  can  be 
tolerated.  These  capacitors  3hall  be  capable  of  continuous 
operation  over  the  temperature  range  of  -65° C  to  +200° C  and  with¬ 
standing  the  severe  environmental  conditions  encountered  in  high 
speed  aircraft  and/or  missiles. 

1.2  CLASSIFICATION 


1.2.1  Type  designation  for  capacitors.-  The  type  designa¬ 
tion  for  capacitors  shall  be  in  the  following  form,  and  as  speci¬ 
fied. 


Terminal  Temperature  Capacitance 

(1.2. 1.2)  (1.2. 1.4)  (1.2. 1.5) 


1.2. 1.1  Style.-  The  style  is  Identified  by  the  two  letter 
symbol  CX,  followed  by  a  two  digit  number}  the  letters  CX  identify 
plastic  dielectric  capacitors.  The  number  identifies  the  dimen¬ 
sional  requirements  of  the  capacitor  as  specified  in  the  detail 
specification. 

Momentary  breakdown  is  defined  as  a  single  or  a  series  of  rapid¬ 
ly  succeeding  capacitor  discharges  evidenced  by  abrupt  decreases 
in  insulation  resistance  of  values  below  the  limit  specified  in 
and  followed  by  restoration  of  the  resistance  to  a  value  above 
this  limit. 
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1.2. 1.2  Terminal.-  The  terminal  is  identified  by  a  single 
letter  in  accordance  with  Table  I. 


TABLE  I.-  TERMINAL 


Symbol 


Type  of  Terminal 


A 

B 

C 

D 


E 


Axial -wire  lead 

Solder  lug  (Non -removable) 

Threaded  Stud  and  nuts 

Pillar  insulator  for  use  at  altitudes  up  to 
7,500  feet.  Furnished  with  threaded  stud  and 
nuts;  also  Includes  solder  lug  for  capacitors 
rated  at  3000  volts  d.c.  and  less. 

Pillar  insulator  for  use  at  altitudes  up  to 
50,000  feet. 


1.2. 1.3  Circuit.-  The  circuit  diagram  and  number  of  termin¬ 
als  are  identified  by  a  single  digit  in  accordance  with  Table  II. 


TABLE 

II.-  CIRCUIT  DIAGRAM 

AND 

NUMBER  OF  TERMINALS 

lymbol 

Circuit  diagram 

Number  of  terminals 

1 

n  I  / 

n 

O 

i  1  ( 

2 

C. 

1.2. 1.4  Temperature  Range.-  The  temperature  range  is  identi 
fled  by  a  single  letter  in  accordance  with  Table  III. 

TABLE  III.-  TEMPERATURE  RANGE 


Letter  Designation 

Working  Temperature  Range 

T 

-55®C  to  200 °C 

1.2. 1.5  The  nominal  capacitance  value  expressed  in  micro¬ 
micro-farads  is  identified  by  a  three-digit  number;  the  first  two 
digits  represent  significant  figures  and  the  last  digit  specifies 
the  number  of  Zero  to  follow. 
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1.2. 1.6  Voltage.-  The  dc  working  voltage  la  Identified  by 
a  single  letter 'In  accordance  with  table  IV. 


TABLE  IV.-  VOLTAGE  RATING 


Symbol 

DC  Voltage  Rate 

Symbol 

DC  Voltage  Rating 

B 

100 

K 

2,500 

C 

200 

L 

3,000 

D 

300 

M 

4,000 

E 

400 

N 

5,000 

F 

600 

P 

6,000 

G 

1,000 

R 

7,500 

H 

1,500 

n 

O 

10,000 

J 

2,000 

T 

12,500 

1.2. 1.7  Capacitance  Tolerance.-  The  capacitance  tolerance  in 
percent  is  identified  by  a  single  letter  in  accordance  with  table  V. 

_ TABLE  V,-  CAPACITANCE  TOLERANCE 


Symbol 

Tolerance  in  percent 

G 

t  2 

J 

1 5 

K 

1 10 

2.  APPLICABLE  DOCUMENTS 

2.1  The  following  documents  of  the  issue  in  effect  on  the 
date  of  invitation  for  bid  shall  form  a  part  of  this  specification 
to  the  extent  specified  herein. 

MILITARY  SPECIFICATIONS 

MIL-C-25C  Capacitors,  Fixed,  Paper-Dielectric,  Direct- 

Current  (Hermetically  Sealed  in  Metallic  Cases) 

WADC  TECHNICAL  REPORTS 

WADC  TR  57-265  Metallized  Teflon  Capacitors 

(ASTIA  Document  No.  AD  131021 
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WORE  56-lB 


Environmental  Design  Requirements  and 
Test  Methods  for  Electronic  Component 
Parts  for  Use  In  Airborne  Equipment 


3 .  REQUIREMENTS 

3.1  Qualifications.-  Capacitors  furnished  under  this  speci¬ 
fication  shall  be  a  product  which  has  been  tested  and  has  passed 
qualification  testing  specified  in  4.4. 

3.2  Materials.-  When  a  definite  material  is  not  specified,  a 
material  shall  be  used  which  will  enable  tue  capacitors  to  meet 
the  performance  requirements  of  this  specification.  Acceptance  or 
approval  of  constituent  material  shall  not  be  construed  as  a 
guarantee  of  the  acceptance  of  the  finished  product. 

3.2.1  Insulating,  impregnating  and  filling  compounds.-  Com¬ 
pounds  used  in  the  impregnation  and  filling  of  capacitors  shall  be 
chemically  inactive  with  respect  to  the  capacitor  unit  and  the 
case.  The  compound,  either  in  the  state  of  original  application 
or  a  result  of  having  aged,  shall  have  no  adverse  effect  on  the 
performance  of  the  capacitors. 

3.2.2  Metals.  -  Metals  shall  be  used  which  will  meet  the 
performance  requirements  of  the  specification.  (See  3.10.) 

3.3  Design  and  Construction.-  The  capacitors  shall  be  of 
the  design,  construction  and  physical  dimensions  specified. 

3.3.1  Case.-  Each  capacitor  shall  be  enclosed  in  a  hermeti¬ 
cally  sealed  metallic  case  which  will  protect  the  capacitor  element 
from  moisture,  and  mechanical  damage  under  all  the  specified  test 
conditions . 


3.3.2  Capacitor  elements.-  The  capacitor  elements  shall 
consist  of  conducting  layers  separated  by  one  or  more  layers  of 
tetraf luorethylene . 

3. 3. 2.1  Non  inductive  construction.-  Capacitors  shall  be  of 
extended  foil  or  equivalent  construction. 
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3.7  Dissipation  factor.-  The  dissipation  factor  shall  not 
exceed  .5  percent  (see  4.6.5.). 

3.8  Flashover.-  When  the  capacitors  are  tested  as  specified 
in  4.6.6,  there  shall  be  no  momentary  or  intermittent  arcing  or 
other  indication  of  breakdown  nor  shall  there  be  any  visible  evi¬ 
dence  of  damage. 

3.9  Vibration.-  As  a  result  of  the  test  specified  in  6.7, 
there  shall  be  no  mechanical  damage  and  the  measurement  shall 

show  no  evidence  of  intermittent  contacts  or  open  or  short-circuit¬ 
ing. 


3.10  Corrosion.-  As  a  result  of  the  tests  specified  in  4.6.8, 
4.6.9  and  4.6.10,  there  shall  be  no  harmful  or  extensive  corrosion 
and  at  least  90  percent  of  any  exposed  metallic  surfaces  of  the 
capacitor  or  bracket  shall  be  protected  by  the  finish.  The  mark¬ 
ing  shall  remain  legible.  In  addition,  there  shall  be  not  more 
than  10  percent  corrosion  of  the  terminal  hardware  or  mounting 
surface. 

3.11  Temperature  and  immersion  cycling.-  When  tested  as 
specified  in  4.6.9,  capacitors  shall  meet  the  following  require¬ 
ments: 

Dielectric  strength: 

Terminal  to  terminal . A3  specified  in  4. 6. 2.1. 

Terminal  to  case  (when  case  is 
not  a  terminal) . As  specified  in  4. 6. 2.1. 

Insulation  resistance: 

Terminal  to  terminal .  Not  less  than  30  percent  of  the 

value  specified  in  3.5.1. 


Terminal  to  case  (when  case  is 

not  a  terminal) . Not  less  than  50  percent  of  the 

value  specified  in  3.5.2. 

3.12  Moisture  resistance.-  When  tested  as  specified  in  4.6.10, 
capacitors  shall  meet  the  following  requirements: 
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Dielectric  strength: 

As  specified  In  4. 6. 2.1. 


As  specified  in  4. 6. 2.1 


Not  less  than  30  percent  of 
the  value  specified  In  3.5.1. 


Not  less  than  50  percent  of  the 
value  specified  In  3.5.2. 

3.13  Dow  temperature,-  When  tested  as  specified  in  4.6.12, 
capacitors  shall  withstand  the  application  of  rated  d.c.  voltage 
without  flash-over  or  breakdown. 

3.14  Life.-  When  tested  as  specified  in  4.6.13,  capacitors 
shall  meet  the  following  requirements: 

Breakdown.  . . The  total  number  of  breakdowns  in¬ 

dicated  by  the  register  circuit 
shall  not  exceed  8  per  microfarad 
of  the  total  capacitance  of  the 
group  tested  or  2,  whichever  is 
greater . 

Insulation  resistance.  .  .  Megohms  or  megohms  times  microfarads 

as  applicable.  Not  less  than  30 
percent  of  the  value  specified  in 
3.5.1  and  table  VI. 

Capacitance . Change  not  more  than  10  percent 

from  initial  value  when  measured 
as  specified  in  4.6.4. 

There  shall  be  no  mechanical  failure  or  open  or  short-circuiting. 

3.15  Seal.-  When  capacitors  are  tested  as  specified  in  4.6. 
11,  there  shall  be  no  evidence  of  repetitive  bubbling. 


Terminal  to  terminal.  .  .  . 

Terminal  to  case  (when  case 
is  not  a  terminal).  .  .  .  . 

Insulation  resistance: 

Terminal  to  terminal.  .  .  . 

Terminal  to  case  (when  case 
is  not  a  terminal) . 
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3 .16  Marking.-  Capacitors  shall  be  marked  In  accordance 
with  Mil-Std-130  with  the  manufacturers  name  or  code  symbol, 
type  designation,  capacitance  and  voltage  rating.  Marking  shall 
remain  legible  after  all  testing. 

3.17  Workmanship.-  Capacitors  shall  be  processed  in  such 

a  manner  as  to  be  uniform  in  quality  and  shall  be  free  from  pits, 
corrosion,  cracks,  rough  edges  and  other  defects  that  will 
affect  life,  serviceability,  or  appearance. 

3.17.1  Soldering 

3.17.1.1  Flux.-  Flux  for  soldering  of  electrical  connec¬ 
tions  shall  be  rosin,  rosin  and  alcohol,  or  rosin  and  turpentine. 

No  acid  or  acid  salts  shall  be  used  in  preparation  for  or  during 
soldering;  however,  exception  is  permitted  for  preliminary  tinning 
of  electrical  connections  and  for  tinning  or  soldering  of  mechani¬ 
cal  joints  not  used  to  complete  electrical  circuit,  but  in  no  case 
shall  acid  or  acid  salts  be  used  where  they  can  come  in  contact 
with  insulation  material.  Where  acid  or  acid  salts  are  used  as 
permitted  above,  they  shall  be  completely  neutralized  and  removed 
immediately  after  use.  All  excess  flux  and  solder  shall  be  re¬ 
moved.  Where  possible,  electrical  connections  shall  be  mechanically 
secure  before  soldering  and  electrically  continuous  after  soldering. 

3.17.1.2  Process.-  There  shall  be  no  sharp  points  or  rough 
surfaces  resulting  from  insufficient  heating.  The  minimum  necessary 
amount  of  flux  and  solder  shall  be  used  for  electrical  connections. 
Any  means  employed  to  remove  an  unavoidable  excess  of  flux  shall 
not  incur  the  risk  of  loose  particles  of  flux,  brush  bristles,  or 
other  foreign  material  remaining  in  or  on  the  capacitor;  flux 
being  spread  over  a  large  area;  or  damage  to  the  capacitor.  In¬ 
sulation  material  that  has  been  subjected  to  heating  during  the 
soldering  operation  3hall  be  undamaged  and  parts  fastened  thereto 
shall  not  have  loosened. 

4.  QUALITY  ASSURANCE  PROVISIONS 

4.1  Responsibility  for  inspection. 

4.1.1  Supplier.-  The  supplier  is  responsible  for  the  per¬ 
formance  of  all  inspection  requirements  as  specified  herein.  Except 
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as  otherwise  specified,  the  supplier  may  utilize  his  own  or 
any  other  Inspection  facilities  and  services  acceptable  to  the 
Government.  Inspection  records  of  the  examination  and  tests 
shall  be  kept  complete  and  available  to  the  Government  as  speci¬ 
fied  in  the  contract  order.  The  Government  reserves  the  right 
to  perform  any  of  the  Inspections  set  forth  In  the  specification 
where  such  Inspections  are  deemed  necessary  to  assure  supplies 
and  services  conform  to  prescribed  requirements. 

4. 1.1.1  Test  equipment  and  inspection  facilities.-  Test 
equipment  and  inspection  facilities  shall  be  of  sufficient 
accuracy,  quality  and  quantity  to  permit  performance  of  the  re¬ 
quired  inspection.  The  supplier  shall  establish  calibration  of 
inspection  equipment  to  the  satisfaction  of  the  Government. 

4. 1.1. 2  Additional  inspection.-  Nothing  specified  herein 
shall  preclude  the  supplier  from  taking  such  additional  samples 
and  making  such  additional  inspection  as  he  may  deem  necessary 
or  desirable  to  assure  conformance  of  the  capacitors  to  this 
specification. 

4.1.2  Government.-  Acceptance  of  the  capacitors  shall  be 
based  upon  verification  by  the  Government  of  the  supplier's  com¬ 
pliance  with  the  requirements  of  this  specification.  The  Govern¬ 
ment  may,  at  its  option,  repeat  any  or  all  of  the  inspections 
specified  here.  (See  6.2.) 

4.2  Classification  of  inspection.-  The  examination  and 
testing  of  capacitors  shall  be  classified  as  follows: 

(a)  Qualification  inspection.  (See  4.4.) 

(b)  Acceptance  inspection.  (See  4.5.) 

1.  Inspection  of  product  for  delivery. (See  4.5.1.) 

2.  Inspection  of  preparation  for  delivery . (See  4.5.2.) 

4.3  Inspection  conditions.-  Unless  otherwise  specified 
herein,  all  inspection  shall  be  made  at  room  ambient  temperature, 
relative  humidity  and  pressure. 

4.4  Qualification  inspection.-  Qualification  inspection 
will  be  performed  at  a  laboratory  designated  by  the  Government. 
(See  6.2.) 
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4.4.1  Test  routine.-  Sample  units  will  be  subjected  to 
the  qualification  Inspection  specified  in  table  VII,  In  the 
order  shown.  Two  sample  units  In  a  sample  will  be  subjected  to 
visual  and  mechanical  examination  (internal).  The  remaining 
sample  units  will  then  be  divided  into  three  groups  as  specified 
in  table  VII  and  subjected  to  the  Inspection  for  their  particular 
group;  for  combined -type  submissions,  each  type  will  be  equally 
represented  in  each  group. 


10 


TABLE  QUALIFICATION  TEST  FOR  CAPACITORS 


Test 

Requirement 

Paragraph 

Test 

Paragraph 

Number  of 
specimens 

^eslid 

Number  of 

defectives 

allowed1 

Test  Group  I 

Visual  and  mechanical 
inspection: 

Material , design , 
construction,  and 
physical  dimensions 

3.2  to 

3. 3. 2.1  inc. 

& 

4.6.1 

2 

1 

Workmanship ( internal) 

O 

Marking 

3.17  to 
3.17.2  inc. 
3.16 

Workmanship ( external ) 

Seal 

Dielectric  strength 
Insulation  resistance 
Capacitance 

Dissipation  factor 
Plash-over 

3.17  to 
3.17.2  inc. 
3.15 

3.4 

3.5 

3.6 

3.7 

3.8 

4.6.11 

4.6.2 

4.6.3 

4.6.4 

4.6.5 

4.6.6 

24 

1 

Test  Group  II 

Vibration 

Corrosion 

Temperature  and  immer¬ 
sion  cycling 

3.9 

3.10 

3.11 

4.6.7 

4.6.8 

4.6.9 

6 

1 

1 

Test  Group  III 

Moisture  resistance 

3.12 

4.6.10 

6 

1 

Test  Group  IV 

Low  temperature 

Life 

3.13 

3.14 

4.6.12 

4.6.13 

12 

1 

^■A  specimen  having  one  or  more  defects  will  be  considered  as  one 
defective. 

^Marking  defects  are  based  on  visual  examination  only  and  will  be 
charged  only  for  illegible,  incomplete,  or  incorrect  marking. 
Subsequent  electrical  defects  will  not  be  used  for  determining  defects 
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4.4.2  Defectives.-  Defectives  in  excess  of  those  allowed 
in  table  VII  will  be  cause  for  refusal  to  grant  qualification. 

4.5  Acceptance  inspection. 

4.5.1  Inspection  of  product  for  delivery.-  Inspection  of 
product  for  delivery  shall  consist  of  production  inspection,  and 
groups  A,  B  and  C. 

4. 5. 1.1  Production  inspection.-  Production  inspection  shall 
consist  of  the  tests  specified  in  table  VIII,  in  the  order  shown, 
and  shall  be  performed  on  each  capacitor. 


TABLE  VIII.  Production  inspection 


Test 

Requirement 

Method 

paragraph 

paragraph 

Seal 

3.15 

4.6.11 

Dielectric  withstanding 

voltage 

3.4 

4.6.2 

Capacitance 

3.6 

4.6.4 

4. 5. 1.2  Inspection  lot.-  An  inspection  lot,  as  far  as 
practicable,  shall  consist  of  capacitors  having  the  same  voltage 
rating  and  number  of  dielectric  layers,  produced  under  essentially 
the  same  conditions  and  offered  for  inspection  at  the  same  time. 
Each  lot  shall  be  kept  separate  from  every  other  lot. 

4. 5. 1.3  Group  A  inspection.-  Group  A  inspection  shall  con¬ 
sist  of  the  examinations  and  tests  specified  in  table  IX,  in  the 
order  shown. 

4. 5. 1.3.1  Sampling  plan.-  Statistical  sampling  and  inspec¬ 
tion  shall  be  in  accordance  with  Standard  Mil-Std-105  for  ordin¬ 
ary  inspection.  The  acceptable  quality  levels  (AQL)  shall  be  as 
specified  in  table  IX.  Major  and  minor  defects  shall  be  as  de¬ 
fined  in  Standard  Mil-Std-105. 
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TABLE  IX.  Grou 

A  insDect 

ion 

""  Requirement 

Method 

AQL  percent  defective 

Examination  or  test 

paragraph 

paragraph 

Ma.lor 

L 

Minor 

Visual  and  mechanical 

r 

— i 

examination 

4.6.1 

1 

Materials 

3.2 

1.0 

1 

4.0 

Body  dimensions 

Design  and  constr- 

uction  (other 

3.3  to 

than  body  dim.) 

3.4  inc. 

Marking”*- 

3.16 

-J 

Workmanship 

3.17 

! 

Insulation  resistance 

(at  25°C) 

3.5 

4.6.3 

f 

Capacitance 

3.6 

4.6.4 

f-  1.0 

Dissipation  factor 

3.7 

4.6.5 

^-Marking  defects  are  based  on  visual  examination  only  and  shall  be 
charged  only  for  illegible,  incomplete,  or  incorrect  marking.  Any 
subsequent  electrical  defects  shall  not  be  used  as  the  basis  for 
determining  marking  defects. 

4. 5. 1.3. 2  Resubmitted  lots.-  If  an  inspection  lot  is  re¬ 
jected,  the  supplier  may  replace  it  with  a  new  lot,  rework  it  to 
correct  the  defects,  or  screen  out  defective  units,  and  resubmit 
it  for  inspection.  Resubmitted  lots  shall  be  kept  separate  from 
new  lots  and  shall  be  clearly  identified  as  resubmitted  lots. 
Resubmitted  lots  shall  be  inspected,  using  tightened  Inspection. 

4. 5. 1.4  Group  B  inspection.-  Group  B  inspection  shall  con¬ 
sist  of  the  tests  specified  in  table  X,  and  shall  be  performed  on 
sample  units  that  have  passed  the  group  A  inspection.  A  different 
set  of  sample  units  shall  be  selected  for  each  subgroup  and  shall 
be  tested  in  the  order  shown. 
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TABLE  X.  Group  B  Inspection 


Test 

Requirement 

paragraph 

Method 

paragraph 

Subgroup  1 

Barometric  pressure 
(flashover) 

3.8 

4,6.6 

Vibration 

3.9 

4.6.7 

Temperature  and  immersion 
cycling 

3.11 

4.6.9 

Subgroup  2 

Insulation  resistance  (at  high 
test  temperature) 

3.5 

4.6.3 

Life 

| 

3.14 

4.6.13 

4. 5. 1.4.1  Sampling  plan.-  The  sampling  plan  shall  be  In 
accordance  with  Standard  Mll-Std-105  for  small-sample  Inspection. 
Unless  otherwise  specified  herein,  normal  inspection  shall  be 
used  at  the  start  of  the  contract.  Small -sample  reduced  inspec¬ 
tion  shall  be  R-l.  The  AQL  shall  be  2.5  (percent  defective),  and 
the  inspection  level  shall  be  L8  for  normal  and  tightened  in¬ 
spection  and  L6  for  reduced  inspection. 

4. 5. 1.4. 2  Disposition  of  sample  units.-  Sample  units  which 
have  been  subjected  to  group  B  inspection  shall  not  be  delivered 
on  the  contract  or  order. 

4. 5. 1.4. 3  Resubmitted  lots.-  If  an  inspection  lot  is  re¬ 
jected  due  to  failure  to  pass  group  B  inspection,  the  lot  shall  not 
be  resubmitted  to  the  Government;  however,  if  nonconformance  of  the 
lot  is  due  to  conditions  which  will  not  affect  the  useability  or 
performance  of  capacitors,  the  lot  may  be  resubmitted  if  remedial 
action  has  been  taken. 

4. 5. 1.5  Group  C  inspection.-  Group  C  inspection  shall  con¬ 
sist  of  the  tests  specified  in  table  XI,  in  the  order  shown. 

They  shall  be  performed  on  sample  units  that  have  passed  the  group 
A  inspection.  Shipment  shall  not  be  held  up  pending  completion  of 
the  inspection. 
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TABLE  XI .  roup  C  Inspection 


Test 

Requirement 

paragraph 

Method 

paragraph 

Number  of 
sample 
units  to 
he  tasted 

Number  of 
defectives 
allowed1 

Initial  production 
and  every  month 

Moisture  resistance 

3.12 

4.6.10 

6 

1 

Initial  production 
and  every  2  months 

Low  ambient  tempera¬ 
ture 

Salt  spray (corrosion) 

3.13 

, 

3.10 

4.6.12 

4.6.8 

}* 

1 


A  specimen  having  one  or  more  defects  will  be  considered  as  one 
defective. 


4. 5. 1.5.1  Sampling  plan.-  Sample  units  shall  be  selected 
as  specified  in  4. 5. 1.5. 1.1  and  4. 5. 1.5. 1.2  from  the  initial 
production,  processed  for  acceptance  at  the  start  of  the  contract, 
and  thence  from  each  month1 s  and  each  2-month* s  production  in 
accordance  with  table  XI.  A  different  set  of  sample  units  shall 
be  selected  for  each  group  of  tests.  If  the  number  of  defectives 
exceeds  those  allowed  in  table  XI,  the  sample  shall  be  considered 
to  have  failed. 

4. 5. 1.5. 1.1  Initial  production  and  every  month.-  During  the 
initial  production  and  thence  once  each  calendar  month,  sample 
units  of  the  same  style  shall  be  selected  irrespective  of  charac¬ 
teristic,  voltage,  and  capacitance. 

4. 5. 1.5. 1.2  Initial  production  and  every  2  months.-  During 
the  initial  production  and  thence  every  2  months,  sample  units 

of  the  same  style  shall  be  selected  in  each  characteristic,  irres¬ 
pective  of  voltage  and  capacitance.  These  sample  units  may  be  in 
any  capacitance  tolerance. 
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4. 5. 1.5. 2  Noncompl lance.-  If  a  sample  falls  to  pass 
group  C  inspection,  the  supplier  shall  take  corrective  action 
on  the  process  and  on  all  units  of  product  which  can  be 
corrected  and  which  were  manufactured  under  the  same  conditions 
and  with  the  same  materials,  processes,  etc.,  and  which  ape 
considered  subject  to  the  same  failure.  Acceptance  Inspection 
shall  be  discontinued  until  corrective  action  has  been  taken, 
additional  sample  units  shall  be  subjected  to  Group  C  inspection 
(all  Inspections,  or  the  inspections  which  the  sample  failed, 

at  the  option  of  the  Government) .  Production  inspection,  and 
groups  A  and  B  inspection  may  be  reinstituted;  however,  final 
acceptance  shall  be  withheld  until  the  group  C  inspection  has 
shown  that  the  corrective  action  was  successful.  In  the  event 
of  failure  after  reinspection,  information  concerning  the  failure 
and  the  corrective  action  taken  shall  be  furnished  to  the  con¬ 
tracting  officer. 

4. 5. 1.5. 3  Disposition  of  sample  units.-  Sample  units 
which  have  been  subjected  to  group  C  inspection  shall  not  be 
delivered  on  the  contract  or  order. 

4.5.2  Inspection  of  preparation  for  delivery.-  Sample 
items  and  packs  shall  be  selected  and  inspected  in  accordance 
with  Specification  Mil-P-116  to  verify  conformance  with  require¬ 
ments  in  section  5  of  this  specification. 

4.6  Methods  of  examination  and  test. 

4.6.1  Visual  and  mechanical  examination.-  Capacitors  and 
brackets  shall  be  examined  to  verify  that  the  materials,  design, 
construction,  physical  dimensions,  marking,  and  workmanship  are 
in  accordance  with  the  applicable  requirements.  (See  3.2  to 

3. 3. 2.1  inclusive.) 

4.6.2  Dielectric  withstanding  voltage.-  Unless  otherwise 
specified,  this  test  shall  be  performed  in  accordance  with  para¬ 
graph  3.4.  The  surge  current  shall  be  limited  to  between  5 
milliamperes  and  1  ampere.  Where  necessary,  a  suitable  current- 
limiting  resistor  shall  be  inserted  into  the  circuit.  At  least 
95  percent  of  the  specified  potential  shall  appear  across  the 
terminals  of  the  capacitor  prior  to  and  during  the  period  of 
time  specified. 
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4.6. 2.1  The  dielectric  withstanding  voltage  after  tempera¬ 
ture  and  immersion  cycling  and  moisture  resistance  tests  as 
specified  in  4.6.9  and  4.6,10  respectively  shall  be  175  percent 
of  rated  d.c.  voltage. 

4. 6. 2. 2  For  acceptance  testing,  the  period  of  test  voltage 
application  (terminal  to  terminal),  at  the  option  of  the  supplier, 
shall  be  either  200$  of  rated  d.c.  voltage  for  a  period  of  15 
seconds  or'  250$  of  rated  d.c.  voltage  for  not  less  than  1  second. 

4.6. 2.3  For  acceptance  testing,  the  period  of  test  voltage 
application  (terminal  to  case)  shall  be  1  second. 

4.6.3  Insulation  resistance  (see  3.5.1).-  Capacitors  shall 
be  tested  in  accordance  with  method  302  of  Standard  Mil-Std-202. 
The  following  details  shall  apply: 

(a)  Test  potential  -A  potential  equal  to  the  40PC  rated 

dc  voltage  or  500  volts  dc,  whichever  is  less,  shall  be 

applied. 

(b)  Points  of  measurement: 

1,  Terminal  to  terminal--  Insulation  resistance  shall 

be  measured  between  terminals  at  the  applicable 
high-test  temperature  specified  in  table  III 
and  at  25 °C,  or  corrected  thereto.  For  accept¬ 
ance  inspection,  the  measurement  at  the  high- 
test  temperature  is  required  only  for  specimens 
which  will  be  subjected  to  the  life  test. 

2.  Terminal  to  case—  When  the  case  is  not  a  terminal, 

the  measurement  of  insulation  resistance  shall 
be  made  between  each  terminal  and  the  case  at 
25° C,  or  corrected  thereto. 

4.6.4  Capacitance  (see  3.5).-  Capacitors  shall  be  tested 
in  accordance  with  method  305  of  Standard  Mil-Std-202.  The 
following  details  shall  apply: 
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(a)  Test  frequency  1,000  -  100  cps  for  capacitors  whose 

nominal  capacitance  does  not  exceed  1  microfarad 
and  whose  rated  dc  voltage  does  not  exceed  3*000 
volts.  For  capacitors  not  within  these  limits, 
measurements  shall  be  made  at  a  frequency  of  60  t6  cps. 

(b)  Limit  of  accuracy.-  Shall  be  within  t  2  percent. 


4.6.5  Dissipation  factor.-  The  dissipation  factor  of  each 
capacitor  shall  be  measured  at  a  voltage  not  greater  than  20  per¬ 
cent  of  the  rated  dc  voltage.  If  the  nominal  capacitance  does 
not  exceed  1  microfarad  and  if  the  rated  dc  voltage  does  not  ex¬ 
ceed  3*000  volts,  measurement  shall  be  made  at  a  frequency  of 
1,000  t  100  cps.  Measurements  on  capacitors  not  within  these 
limits  shall  be  made  at  a  frequency  of  60  t  6  cps. (See  3.7.) 


4.6.6  Barometric  pressure  (flashover) .-  Capacitors  shall 
be  tested  in  accordance  with  method  105  of  Standard  Mil-Std-202. 
The  following  details  and  exceptions  shall  apply: 


(a)  Method  of  mounting  —  Capacitors  shall  be  mounted  by 

suitably  clamping  their  leads. 

(b)  Test  -  condition  B  —  Unless  otherwise  specified.  (See 

Figure  1  for  flashover  voltage  versus  altitude. 

(c)  Tests  during  subjection  to  reduced  pressure  —  Unless 

otherwise  specified  (see  3.8),  a  potential  equal  to 
125  percent  of  rated  dc  voltage  shall  be  applied  for 
at  least  1  minute  between  each  terminal  and  every 
other  terminal  in  turn  and  between  the  case  and  each 
terminal  not  connected  to  the  case.  A  suitable  means 
shall  be  used  to  detect  momentary  or  permanent  break¬ 
down. 


4.6,7  Vibration  (see  3.9). 

4. 6. 7.1  High  frequency.-  Capacitors  shall  be  tested  in 
accordance  with  method  204  of  Standard  Mil-Std-202.  The  following 
details  and  exceptions  shall  apply: 
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(a)  Mounting  of  specimens  —  Capacitors  shall  be  rigidly 

mounted  by  the  body  to  a  vibration-test  apparatus. 
Wire-lead  capacitors  shall  be  secured  1/2  t  1/8  inch 
from  the  case. 

(b)  Test  condition  —  B, 

(c)  Duration  and  direction  of  motion  —  4  hours  in  each  of 

two  mutually  perpendicular  directions  (total  of  8 
hours) ,  one  parallel  and  the  other  perpendicular  to 
the  cylindrical  axis. 

(d)  Measurements  during  vibration  —  During  the  last  cycle 

in  each  direction,  an  electrical  measurement  (see  6.7) 
shall  be  made  to  determine  intermittent  contacts  or 
open  circuiting  or  short  circuiting. 

(e)  Measurements  after  vibration  —  Not  applicable. 

4,6.8  Salt  spray  (corrosion)-  Capacitors  and  brackets 
shall  be  tested  in  accordance  with  method  101,  test  condition  B, 
of  Standard  Mil-Std-202.  After  this  test,  capacitors  and  brackets 
shall  be  examined  for  evidence  of  corrosion,  unwrapping  of  or 
mechanical  damage  to  insulating  sleeves  and  obliteration  of  mark¬ 
ing. 


4,6.9  Temperature  and  immersion  cycling  (see  3®ll). 

4. 6. 9.1  Temperature  cycling.-  Capacitors  and  brackets  shall 
be  tested  in  accordance  with  method  102  of  Standard  Mil-Std~202. 
The  following  details  and  exceptions  shall  apply: 

(a)  Conditioning  prior  to  first  cycle  —  15  minutes  at  room 

ambient  temperature. 

(b)  Test  condition  —  D,  except  that  in  step  3*  specimens 

shall  be  tested  at  the  applicable  high  ambient  test 
temperature  (see  table  III). 

(c)  Measurements  before  and  after  cycling  —  Not  applicable. 
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4.6.9. 2  Immersion  cycling.-  following  temperature  cycling, 
capacitors  and  brackets  shall  be  tested  in  accordance  with  method 
104  of  Standard  Mil-Std-202.  The  following  details  and  exceptions 
shall  apply: 

(a)  Test-condition  letter  —  C,  except  that  the  duration  of 

each  immersion  shall  be  30  minutes.  Change  from  one 
solution  to  the  other  shall  be  made  in  not  more  than 
3  seconds. 

(b)  Measurements  after  cycling  —  within  5  hours  after  re¬ 

moval  from  bath,  insulation  resistance  and  dielectric 
withstanding  voltage,  shall  be  measured  as  specified 
in  3.5.1  and  4.6. 2.1.  The  external  case  shall  be 
examined  for  corrosion. 

4.6.10  Moisture  resistance  (see  3.12).-  Capacitors  and 
brackets  shall  be  tested  in  accordance  with  method  106  of  Standard 
Mil-Std-202.  The  following  details  and  exceptions  shall  apply: 

(a)  Mounting  —  Capacitors  shall  be  securely  fastened  by 

normal  mounting  means,  except  during  measurement. 
(Wire-lead  capacitors  shall  be  secured  1/2  t  1/8  inch 
from  the  case.) 

(b)  Initial  measurements  —  Not  applicable. 

(c)  Polarization  voltage  —  100  volts  shall  be  applied 

across  the  terminals  of  50  percent  of  the  capacitors. 

No  potential  shall  be  applied  to  the  remaining  50  per¬ 
cent  of  the  capacitors. 

(d)  Loading  voltage  —  Not  applicable. 

(e)  During  step  7>  capacitors  shall  be  removed  from  the 

humidity  chamber  at  the  same  time  each  day. 

(f)  Final  measurements  —  insulation  resistance  and  dielec¬ 

tric  withstanding  voltage  shall  be  measured  as  speci¬ 
fied  in  3.5.1  and  4.6. 2.1,  respectively. 


20 


(g)  Visual  examination  —  After  this  test,  capacitors 

and  brackets  shall  be  visually  examined  for  corrosion 
and  obliteration  of  marking. 

4.6.11  Seal  (see  3.15). 

4.6.11.1  The  capacitors,  while  at  room  ambient  temperature, 
shall  be  immersed  in  oil  at  125°C  for  a  minimum  of  1  minute. 

4.6.12  Low  ambient  temperature.  (See  3.13.) 

4.6.12.1  Low  ambient  temperature.-  Capacitors  shall  be 
placed  In  a  chamber  maintained  at  -55°C  ±  3°C  and  rated  dc 
voltage  shall  be  applied  at  this  condition  for  48  t  4  hours.  The 
air  within  the  condition  chamber  shall  be  circulated. 

4.6.13  Life,-  Unless  otherwise  specified,  capacitors  shall 
be  subjected  to  a  life  test  at  140#  of  rated  voltage  at  200°C  for 
a  period  of  1000  t  8  hours.  During  the  test,  capacitors  shall  be 
separated  by  a  distance  of  not  less  than  1  inch.  Adequate  circu¬ 
lation  of  air  shall  be  provided  to  prevent  the  temperature  within 
6  inches  of  any  capacitor  from  departing  more  than  t  3*C  from  the 
nominal  ambient  temperature  of  the  chamber.  The  surge  current 
shall  be  limited  to  between  5  -milliamperes  and  1  ampere.  Where 
necessary,  a  suitable  current -limiting  resistor  shall  be  inserted 
into  the  circuit.  For  the  life  test,  a  group  of  capacitors  total¬ 
ing  not  more  than  20  microfarads  shall  be  connected  in  series  with 
the  above  indicated  resistors,  the  resistor  capacitor  combination 
connected  in  parallel,  and  this  group  connected  in  series  with  a 
register  circuit.  This  register  circuit  shall  not  record  momen¬ 
tary  voltage  change  across  the  capacitors  of  .4  volts  or  less  but 
shall  record  values  of  .5  volts  above.  After  the  test,  capacitors 
shall  be  returned  to  standard  test  conditions  and  the  insulation 
resistance  and  capacitance  shall  be  measured  as  specified  in  4.6.3 
and  4.6.4,  respectively.  (See  3.14.) 

5.  PREPARATION  FOR  DELIVERY 

5.1  Preservation  and  packaging  (see  6.l). 
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5.1.1  Level  A.-  Capacitors  shall  be  individually  protec¬ 
ted  and  unit-packaged  in  accordance  with  method  III  of  Specification 
Mil-P-116.  Capacitors  shall  be  classified  according  to  the  termin¬ 
als  sytobols  specified  in  table  I, 

5. 1.1.1  Terminal-A  capacitors.-  Terminal-A  capacitors  shall 
be  cushioned  and  packaged  in  30-pound  kraft  paper  envelopes,  sealed. 
Unless  otherwise  specified  (see  6.l),  five  unit  packages  or  a 
multiple  thereof  shall  be  further  packaged  in  intermediate  contain¬ 
ers  conforming  to  Specification  PPP-B-566,  PPP-B-665,  or  PPP-B-676. 
The  gross  weight  of  the  intermediate  container  shall  not  exceed  10 
pounds. 

5.1.2  Level  C.-  Capacitors  shall  be  afforded  preservation 
and  packaging  in  accordance  with  the  supplier's  normal  commercial 
practice. 


5.2  Packing  (see  6.1). 

5.2.1  Level  A.-  Capacitors  packaged  as  specified  (see  6.1) 
shall  be  packed  in  overseas -type  wirebound  wood,  wood-cleated 
fiberboard,  wood-cleated  plywood,  nailed  wood,  fiber  (class  2  or 
3,  as  specified  (see  6.1)),  or  wood-cleated  paper-overlaid  boxes 
conforming  to  Specifications  PPP-B-585,  PPP-B-601,  PPP-B-621, 
PPP-B-636,  and  Mil-B-10377*  respectively,  at  the  option  of  the 
supplier.  Shipping  containers  shall  have  case  liners  conforming 
to  Specification  Mil-L-105^7;  the  case  liners  shall  be  closed  and 
sealed  in  accordance  with  the  appendix  thereto.  Case  liners  for 
boxes  conforming  to  Specification  PPP-B-636  may  be  omitted  provided 
the  center  and  edge  seams  and  suppliers'  Joints  are  sealed  with 
tape,  at  least  1  1/2  inches  wide,  conforming  to  Specification  PPP- 
T-76.  Box  closures  and  strapping  shall  be  as  specified  in  the 
applicable  box  specification  and  appendix  thereto.  Fiber  boxes 
conforming  to  Specification  PPP-B-636  may  be  banded  with  tape  con¬ 
forming  to  type  IV  of  Specification  PPP-T-97  and  appendix  thereto 
in  lieu  of  steel  straps.  The  gross  weight  of  wood  boxes  shall  not 
exceed  200  pounds;  fiberboard  boxes  shall  not  exceed  the  weight 
limitations  of  the  applicable  box  specifications. 

5.2.2  Level  B.-  Capacitors  packaged  as  specified  (see  6.1) 
shall  be  packed  in  domestic-type  wirebound  wood,  wood-cleated  fi¬ 
berboard,  wood-cleated  plywood,  nailed  wood,  fiber  (class  1  or  2, 
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as  specified  (see  6.1)),  or  wood-cleated  paper-overlaid  boxes 
conforming  to  Specification  PPP-B-585,  PPP-B-591,  PPP-B-601, 
PPP-B-621,  PPP-B-636  and  Mil-B-10377,  respectively,  at  the 
option  of  the  supplier.  Box  closures  shall  be  as  specified  In 
the  applicable  box  specification  or  appendix  thereto.  The  gross 
weight  of  wood  boxes  shall  not  exceed  200  pounds;  fiberboard 
boxes  shall  not  exceed  the  weight  limitations  of  the  applicable 
box  specification. 

5.2.3  Level  C.-  Capacitors  packaged  as  specified  (see 
6.l)  shall  be  packed  in  containers  of  the  type,  size  and  kind 
commonly  used  for  the  purpose,  in  a  manner  that  will  insure 
acceptance  by  common  carrier  and  safe  delivery  at  destination. 
Shipping  containers  shall  comply  with  the  Uniform  Freight  Classi¬ 
fication  Rules  or  regulations  of  other  carriers  as  applicable  to 
the  mode  of  transportation. 

5.2.4  General.-  Insofar  as  possible  and  practicable,  exter¬ 
ior  containers  shall  be  uniform  in  shape  and  size,  shall  be  of 
minimum  cube  and  tare  consistent  with  the  protection  required, 

and  shall  contain  identical  quantities  of  identical  items. 

5.3  Marking.-  In  addition  to  any  special  marking  required 
by  the  contract  or  order,  unit  packages,  intermediate  packages  and 
exterior  shipping  containers  shall  be  marked  in  accordance  with 
Standard  Mil-Std-129.  (See  6.1.) 

6.  NOTES 

6.1  Ordering  data.-  Procurement  documents  should  specify 
the  following: 

(a)  Title,  number  and  date  of  this  specification. 

(b)  Title,  number  and  date  of  the  applicable  detail  speci¬ 

fication  and  the  complete  type  designation. 

(c)  Levels  of  preservation  and  packaging  and  packing  and 

applicable  marking.  (See  sect. 5.) 

(d)  Number  of  unit  packages  if  other  than  that  specified  in 

5. 1.1.1. 

(e)  Class  of  fiber.  (See  5.2.1  and  5.2.2.) 
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6,1.1  Indirect  shipment,-  The  packaging,  packing  and 
marking  specified  In  section  5  applies  only  to  direct  purchases 
by  or  direct  shipment  to  the  Government  and  are  not  Intended  to 
apply  to  contracts  or  orders  between  the  manufacturer  and  prime 
contractor, 

6.2  Government  verification  Inspection,-  Verification  in¬ 
spection  by  the  Government  will  be  limited  to  the  amount  deemed 
necessary  to  determine  compliance  with  the  contract  or  order, 
and  will  be  limited  in  severity  to  the  definitive  quality  assur¬ 
ance  provisions  established  in  this  specification  and  the  con¬ 
tract  or  order.  The  amount  of  verification  inspection  by  the 
Government  will  be  adjusted  to  make  maximum  utilization  of  the 
supplier's  quality  control  system  and  the  quality  history  of 
the  product.  (See  4.1.2.). 

6.3  DC  Capacitors.-  The  energy  content  of  a  dc  capacitor 
when  fully  charged  is  determined  by  the  following  formulas 

W  »  CE2 
2 

Where : 

W  s  energy  content  in  watt-seconds. 

C  •  nominal  capacitance  in  farads. 

E  =  dc  voltage  rating  in  volts  at  40#C. 

6.4  DC  voltage.-  A  dc  voltage  is  an  undirectional  voltage 
in  which  the  changes  in  value  are  either  zero  or  so  small  that 
they  may  be  neglected.  (See  1.2.1. 6.) 

6.5  Noninduct ive  construction.-  Noninduct ive  construction 
means  a  construction  which  reduces,  but  usually  does  not  eliminate 
completely,  the  effective  inductance  of  the  capacitor.  This  re¬ 
sult  is  obtained  by  so  routing  the  currents  in  the  electrodes 
that  the  magnetic  fields  tend  to  cancel  each  other,  or  by  making 
the  current  paths  very  short.  (See  3 *3. 2.1.) 
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6.6  Nonmagnetic -case  capacitor-  A  nonmagnetic -case 
capacitor  is  a  capacitor  in  which  no  part  of  the  case  or  bracket 
is  made  of  magnetic  material. 

6.7  Vibration  (final  measurement).-  During  the  last  30 
minutes  of  vibration  in  each  direction,  a  signal  of  1  *  0.2  kilo¬ 
cycles  per  second  at  a  level  of  1  t  0.2  volts  should  be  placed 
across  the  capacitor  and  measured  with  a  suitable  alternating 
current  recording  device  for  the  purpose  of  determining  the  pre¬ 
sence  of  open  circuits,  short  circuits,  or  intermittent  contacts. 

Notice.-  When  Government  drawings,  specifications,  or  other 
data  are  used  for  any  purpose  other  than  in  connection  with  a 
definitely  related  Government  procurement  operation,  the  United 
States  Government  thereby  incurs  no  responsibility  nor  any  obliga¬ 
tion  whatsoever;  and  the  fact  that  the  Government  may  have  formu¬ 
lated,  furnished,  or  in  any  way  supplied  the  said  drawings,  speci¬ 
fications,  or  other  data  is  not  to  be  regarded  by  implication  or 
otherwise  as  in  any  manner  licensing  the  holder  or  any  other  person 
or  corporation,  or  conveying  any  rights  or  permission  to  manufacture, 
use,  or  sell  any  patented  invention  that  may  in  any  way  be  related 
thereto . 
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